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Abstract Arctic benthic organisms of various taxa
(Anthozoa, Polychaeta, Pantopoda, Crustacea, Echi-
nodermata) were collected on the shelves off northeast
Greenland, Spitsbergen and the western Barents Sea.
Their fatty acid compositions were generally characte-
rised by the predominance of the polyunsaturated fatty
acids 20:5(n-3) and 22:6(n-3) together with the saturated
fatty acid 16:0, which reflect the dominance of
phospholipids. The fatty acid compositions of most
benthic specimens were influenced by fatty acids of di-
etary origin. High amounts of the fatty acid 16:1(n-7),
typical of diatoms, were found in different taxa from the
northeast Greenland shelf. The 18:4(n-3) fatty acid,
often typical of non-diatom input, was only dominant
in Ophiopholis aculeata from the Spitsbergen shelf. In
some taxa small amounts of wax esters were detected
with alcohol moieties similar to those of the dominant
Arctic copepods. The occurrence of intact wax esters, as
well as the wax ester typical fatty acids 20:1(n-9) and
22:1(n-11), also suggested ingestion of large herbivorous
copepods. An unusual fatty acid composition was
found for most brittle stars, due to a ratio of the
18:1(n-9) and (n-7) fatty acid isomers below 1 with
lowest ratios of 0.1. A similar low ratio was also de-
tected in the polychaete Onuphis conchylega. The ex-
tremely low portions of the 18:1(n-9) fatty acid are
striking, since carnivores are generally characterised by
high levels of this fatty acid. A clear gradient from low
18:1(n-9) to (n-7) ratios in suspension feeders, via pre-
datory decapods, to higher ratios in the scavenging
amphipods was a major characteristic of the benthic
species. Our investigations showed that lipid analyses
can give important hints on trophic relationships of
benthic species and may serve as means to establish the
intensity of pelagic-benthic coupling.
Introduction
Lipid investigations on benthic taxa from the Arctic are
scarce (Graeve 1993) except for the deep-water prawn
Pandalus borealis. Due to its commercial importance,
extensive lipid investigations have been performed on
P. borealis from the north Norwegian Balsfjord (Hop-
kins et al. 1993) and off the south coast of Nova Scotia
(Ackman and Eaton 1967). Additionally, lipids of three
sea star species from the Balsfjord were studied (Sargent
et al. 1983), as well as fatty acids in species from a
shallow-water hydrothermal habitat off the Kurile Is-
lands (Kharlamenko et al. 1995). Generally, benthic
species have relatively low lipid contents as compared to
herbivorous zooplankton species (Clarke and Peck
1991).
The benthos inhabiting the shelves of northeast
Greenland, Spitsbergen and the Barents Sea is locally
rich in biomass. Very recent investigations on the
structure of the zoobenthic communities have been
carried out by several authors (Ambrose and Renaud
1995; Kendall 1996; Piepenburg and Schmid 1996a,b;
Piepenburg et al. 1996). In addition, ecophysiological
studies have been performed on the most common
epibenthic species (Dorrien 1993; Schmid 1994). Little is
known about the biochemical composition of these
organisms and even less on the lipid and fatty acid
compositions.
For many benthic species in the study area, little
direct information is available on the feeding ecology
and trophic niches. In both cases, allocation to a certain
feeding type or food source has to be deduced from
general biological knowledge of morphological features
or knowledge about larger taxonomic units. The po-
tential of fatty acids to reveal trophic relationships es-
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pecially in herbivorous zooplankton has proven to be a
useful tool for this kind of investigation.
In this study various species of Arctic benthic taxa
have been investigated to obtain information on the
spectrum and variety of their lipid compositions. Spe-
cial emphasis was placed on detailed fatty acid and fatty
alcohol compositions to elucidate similarities between
taxa and reveal indications of feeding behaviour and
food sources, discussed in the context of current
knowledge of feeding biology.
Materials and methods
Benthic species were collected during three summer expeditions of
RV ‘‘Polarstern’’ on the shelves of northeast Greenland, Spits-
bergen and the Barents Sea (ARK VI/4, 29 June to 8 July 1989;
ARK VII/2, 10 July to 15 August 1990; ARK VIII/2, 1 June to 30
July 1991). The species sampled are listed in Table 1. The animals
were caught with an Agassiz trawl or a bottom trawl and sorted
into species and sex on board (for details refer to Piepenburg et al.
1996). Due to a limited number of specimens of each catch, only
one animal per station was sorted out. Afterwards, the specimens
were transferred into seawater aquaria and kept at 4° C for about
1 day for defecation. Subsequently, they were deep frozen at
)80° C in glass bottles until analysis at the institute.
The animals were homogenised and extracted in chloroform/
methanol (2:1; v:v) according to Folch et al. (1957). The lipid class
compositions were determined according to Fraser et al. (1985) by
thin-layer chromatography-flame ionisation detection (TLC-FID)
with an IATROSCAN Mark IV TH 10. Different standard mix-
tures were used for identification (Hagen 1988).
For the gas liquid chromatographic analysis of the fatty acid
and fatty alcohol compositions, aliquots of the extracted samples
were taken. Methyl esters of fatty acids and free fatty alcohols
were prepared by transesterification with 3% concentrated sul-
phuric acid in methanol for 4 h at 80° C. After their extraction with
hexane, the composition was analysed with a Chrompack gas
liquid chromatograph (Chrompack 9000) on a capillary column
(30 m · 0.25 mm; film thickness: 0.25 lm; liquid phase: DB-
FFAP) using temperature programming according to the method
of Kattner and Fricke (1986). Fatty acids and alcohols were
identified with standard mixtures.
The data of the individual fatty acids are expressed as mass
percentage of total fatty acids. The ratio between the two isomers
18:1(n-9) and 18:1(n-7) is presented at the end of the tables.
Results
Crustacea
The lipids of the decapods Eualus gaimardi, Sabinea
septemcarinata, Sclerocrangon ferox, Sclerocrangon
boreas and Pandalus borealis were dominated by
phospholipids. Highest triacylglycerol levels were found
in Sclerocrangon ferox; in contrast, triacylglycerols were
hardly present in E. gaimardi (Table 2). The 16:0,
16:1(n-7), 18:1(n-9) and (n-7), 20:5(n-3) and 22:6(n-3)
fatty acids were major lipid components of all female
Table 1 Sampling locations of the various benthic species
Taxa Species Date Station Latitude Longitude Region Depth (m)
Actinaria
Anthosactis janmayeni 05/08/1990 222 81° 48¢ N 10° 34¢ W NE Greenland 251
A. janmayeni 05/08/1990 222 81° 48¢ N 10° 34¢ W NE Greenland 251
Actinaria, indet. spec. 22/07/1990 150 74° 45¢ N 16° 00¢ E Barents Sea 200
Polychaeta
Onuphis conchylega 02/07/1989 161 76° 22¢ N 16° 00¢ E Spitsbergen 50
Amphipoda
Anonyx nugax 25/06/1991 45 75° 59¢ N 34° 49¢ E Barents Sea 250
Stegocephalus inflatus 15/07/1990 101 75° 02¢ N 14° 31¢ W NE Greenland 145
Isopoda
Arcturus baffini 22/06/1991 40 76° 37¢ N 34° 51¢ E Barents Sea 200
A. baffini 02/08/1990 205 80° 10¢ N 11° 00¢ W NE Greenland 103
Decapoda
Eualus gaimardi 15/07/1990 101 75° 02¢ N 14° 31¢ W NE Greenland 145
Sabinea septemcarinata 15/07/1990 101 75° 02¢ N 14° 31¢ W NE Greenland 145
Sclerocrangon ferox 15/07/1990 101 75° 02¢ N 14° 31¢ W NE Greenland 145
Sclerocrangon boreas 02/07/1989 161 76° 22¢ N 16° 00¢ E Spitsbergen 50
Pandalus borealis 06/08/1990 225 81° 09¢ N 08° 24¢ W NE Greenland 377
Pantopoda
Nymphon hirtipes 07/08/1990 228 80° 36¢ N 08° 52¢ W NE Greenland 245
Ophiuroidea
Ophiopholis aculeata 02/07/1989 161 76° 22¢ N 16° 00¢ E Spitsbergen 50
O. aculeata 02/07/1989 161 76° 22¢ N 16° 00¢ E Spitsbergen 50
O. borealis 06/07/1991 84 80° 23¢ N 07° 33¢ E Spitsbergen 700
O. borealis 30/06/1989 158 77° 12¢ N 06° 00¢ W NE Greenland 280
Ophiacantha bidentata 02/07/1989 160 76° 20¢ N 15° 24¢ E Spitsbergen 200
Ophiura sarsi 07/07/1991 86 80° 10¢ N 09° 51¢ E Spitsbergen 570
Crinoidea
Heliometra glacialis 15/07/1990 101 75° 02¢ N 14° 31¢ W NE Greenland 145
H. glacialis 07/08/1990 228 80° 36¢ W 08° 52¢ W NE Greenland 245
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decapod species. Their proportions varied within a
small range. The two 18:1 isomers, (n-9) and (n-7), oc-
curred in equal portions (each up to 14%) (Table 3). The
fatty acid compositions of male E. gaimardi and
P. borealis were similar to those of the females.
The separately analysed eggs of three decapod spe-
cies showed pronounced differences in their triacyl-
glycerol contents. Eggs of Sclerocrangon ferox and
Pandalus borealis were triacylglycerol-rich, whereas
only trace amounts were found in the eggs of E. gai-
mardi (Table 2). However, the fatty acid compositions
were similar. The most obvious difference, compared to
the adults, was the high amount of the 16:1(n-7) fatty
acid, with up to 23% (Table 3).
Both amphipod species (females), Anonyx nugax
from the Barents Sea and Stegocephalus inflatus from
the northeast Greenland Shelf, contained high amounts
of triacylglycerols (Table 2) but their fatty acid com-
positions were clearly different. In A. nugax, the
monounsaturated fatty acids 20:1(n-9), 22:1(n-11) and
18:1(n-9) were major components together with 16:0. In
contrast, the polyunsaturated fatty acids 20:5(n-3) and
22:6(n-3) were dominant in S. inflatus. The 18:1(n-9)
and 16:0 fatty acids were found in similar portions as in
A. nugax (Table 4).
Specimens of the isopod Arcturus baffini from the
Barents Sea contained little triacylglycerol, whereas the
sample from the northeast Greenland shelf had 13% of
this storage lipid. This difference is also reflected in the
fatty acid compositions: in the individual from the
Greenland shelf the 16:1(n-7) and 18:1(n-9) fatty acids
composed 24% and 6%, respectively, while in the Ba-
rents Sea individual the 16:1(n-7) fatty acid accounted
for only 5% and the 18:1(n-9) for 18%. The major fatty
acid in both isopods was 20:5(n-3). Other important
fatty acids were 16:0 and 22:6(n-3), occurring generally
in similar portions (Table 4).
Echinodermata
The brittle stars (Ophiuroidea) were generally low in
triacylglycerols (Table 2). The amounts of the major
fatty acids were quite variable. Ophiopholis aculeata,
Ophiopleura borealis, Ophiacantha bidentata and
Ophiura sarsi had comparatively high levels of the
20:5(n-3) and very low levels of 22:6(n-3) fatty acids,
except for Ophiura sarsi. The very low levels of the
18:1(n-9) fatty acid contrasted with those of its isomer
18:1(n-7), which were up to 10 times higher. This find-
ing was most pronounced in Ophiopholis aculeata and
Ophiacantha bidentata. The saturates 14:0, 16:0 and
18:0, as well as 16:1(n-7), occurred in moderate
amounts (Table 5).
Two specimens of Ophiopholis aculeata, from the
same station on the Spitsbergen shelf, exhibited distinct
differences in their fatty acid compositions. One animal
contained high amounts of the 18:4(n-3) fatty acid
(24%), whereas this fatty acid was nearly absent in the
other individual.
Another distinct intraspecific difference was detected
in Ophiopleura borealis from the Spitsbergen shelf as
Table 2 Lipid class composi-
tion of the vairous benthic spe-
cies. Percentage distribution of
phospholipids (PL), triacylgy-
cerols (TAG) and wax esters
(WE) of the sum of these main
lipid classes (tr traces, – below
limit of detection)
Species Region Station Lipid classes
PL TAG WE
Anthosactis janmayeni NE Greenland 222 47 53 –
A. janmayeni NE Greenland 222 69 – 29
Actinaria indet. spec. Barents Sea 150 58 11 tr
Onuphis conchylega Spitsbergen 161 96 4 –
Anonyx nugax Barents Sea 45 31 69 –
Stegocephalus inflatus NE Greenland 101 41 59 –
Arcturus baffini Barents Sea 40 99 – –
A. baffini NE Greenland 205 86 14 –
Eualus gaimardi NE Greenland 101 99 – –
E. gaimardi eggs NE Greenland 101 97 3 –
Sabinea septemcarinata NE Greenland 101 77 23 –
Sclerocrangon ferox NE Greenland 101 65 35 –
S. ferox eggs NE Greenland 101 67 32 –
Sclerocrangon boreas Spitsbergen 161 87 13 –
Pandalus borealis NE Greenland 225 92 8 –
P. borealis eggs NE Greenland 225 58 41 –
Nymphon hirtipes NE Greenland 228 80 20 –
Ophiopholis aculeata Spitsbergen 161 99 – –
O. aculeata Spitsbergen 161 90 10 –
Ophiopleura borealis Spitsbergen 84 99 1 –
O. borealis NE Greenland 158 99 – –
Ophiacantha bidentata Spitsbergen 160 93 6 –
Ophiura sarsi Spitsbergen 86 96 4 –
Heliometra glacialis NE Greenland 101 91 9 tr
H. glacialis NE Greenland 228 99 – –
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compared to the northeast Greenland shelf. The Spits-
bergen animal had high portions of the 20:1(n-9) and
smaller portions of the 22:1(n-11) fatty acids (22% and
7%, respectively). In the Greenland individual, these
two fatty acids occurred only in low portions: its fatty
acid composition was dominated by the 20:5(n-3) and
16:1(n-7) fatty acids (Table 5).
The fatty acid composition of the feather star
(Crinoidea) Heliometra glacialis differed from that of
the brittle stars with respect to the ratio of the 18:1
isomers and the low portion of the 14:0 fatty acid. One
of the two individuals from different depths had small
amounts of wax esters. The fatty alcohol moieties of
these wax esters were 16:0, 20:1(n-9) and 22:1(n-11).
Table 3 Fatty acid composition (mass %) of decapods and decapod eggs (Total lipid extract of whole animal)
Species Eualus gaimardi Sabinea septemcarinata Sclerocrangon ferox Sclerocrangon
boreas
Pandalus borealis
Total Eggs Total Total Eggs Total Total Eggs
Region NE Greenland NE Greenland NE Greenland Spitsbergen NE Greenland
Station 101 101 101 101 101 161 225 225
Fatty acid
14 : 0 1.5 3.3 0.5 2.0 2.3 1.4 2.6 2.4
16 : 0 15.5 12.1 14.4 13.2 12.3 15.0 13.6 11.5
16 : 1 (n-7) 7.5 22.5 5.6 7.9 18.3 4.6 8.7 19.0
18 : 0 3.5 0.9 3.9 3.5 1.0 3.7 2.1 1.5
18 : 1 (n-9) 12.0 14.7 9.4 13.6 18.0 12.7 11.3 12.7
18 : 1 (n-7) 11.0 8.4 12.1 13.7 10.7 9.1 9.6 12.0
18 : 2 (n-6) 1.4 1.6 0.8 0.9 1.6 1.4 1.0 1.0
18 : 3 (n-3) – 0.5 – – 0.4 – – –
18 : 4 (n-3) – 0.8 – – 0.4 – – –
20 : 1 (n-9) – – 0.9 3.7 1.5 1.5 4.7 2.4
20 : 1 (n-7) – – 0.3 2.0 0.8 1.4 0.5 1.5
20 : 4 (n-6) 4.4 4.3 5.8 3.6 2.3 4.6 2.0 2.1
20 : 5 (n-3) 27.2 23.4 25.9 20.2 17.4 26.1 20.5 22.6
22 : 1 (n-11) – – 0.6 2.4 0.6 0.7 5.1 1.6
22 : 1 (n-9) – – 0.4 0.9 0.3 0.6 0.6 0.3
22 : 5 (n-3) 0.9 0.5 1.8 1.6 1.6 – 0.5 1.2
22 : 6 (n-3) 15.3 6.4 16.5 10.0 10.0 17.2 16.9 7.9
Ratio
18 : 1 (n-9) / (n-7) 1.09 1.75 0.77 0.99 1.68 1.39 1.17 1.05
Table 4 Fatty acid composition
(mass %) of amphipods (Ano-
nyx nugax, Stegocephalus in-
flatus) and an isopod (Arcturus
baffini)
Species Anonyx nugax Stegocephalus inflatus Arcturus baffini
Region Barents Sea NE Greenland Barents Sea NE Greenland
Station 45 101 40 205
Fatty acids
14 : 0 5.1 3.2 0.5 2.9
16 : 0 11.1 10.8 11.0 13.1
16 : 1 (n-7) 9.8 4.7 4.9 24.2
18 : 0 0.7 1.0 5.0 2.3
18 : 1 (n-9) 13.4 18.0 17.5 5.6
18 : 1 (n-7) 4.1 5.0 8.6 5.2
18 : 2 (n-6) 1.6 1.5 2.1 0.9
18 : 3 (n-3) 0.4 0.5 – –
18 : 4 (n-3) 1.5 0.5 0.7 –
20 : 1 (n-9) 18.7 2.2 3.6 1.2
20 : 1 (n-7) 0.7 4.9 3.8 2.9
20 : 4 (n-6) 0.3 2.9 – 3.9
20 : 5 (n-3) 9.2 22.5 25.6 25.6
22 : 1 (n-11) 14.2 1.8 1.4 1.3
22 : 1 (n-9) 1.1 0.6 0.8 0.5
22 : 5 (n-3) 0.6 1.8 2.2 1.6
22 : 6 (n-3) 7.0 17.6 11.4 8.6
Ratio
18 : 1 (n-9) / (n-7) 3.27 3.60 2.03 1.08
56
The corresponding fatty acids were also present in
slightly higher portions (Table 5).
Other taxa
Two individuals of the pantopod Nymphon hirtipes were
collected at the same station off northeast Greenland.
One individual was triacylglycerol-rich with a very high
amount of the 16:1(n-7) fatty acid (42%). Other major
fatty acids were 16:0 and 20:5(n-3). The other individual
had less triacylglycerol, which was also reflected in its
fatty acid composition. The percentage of the 16:1(n-7)
fatty acid in this individual was only 8%. The polyun-
saturates 20:5(n-3) with 32%, and 22:6(n-3) with 11%,
together with the 16:0 (15%), were the dominant fatty
acids in this individual (Tables 2 and 6).
One of the two samples of the actinarian species
Anthosactis janmayeni from the northeast Greenland
shelf contained wax esters (31%; Table 2). The major
alcohol moieties were 16:0 and 20:1(n-9), as well as
lower portions of 14:0 and 22:1(n-11). The fatty acid
compositions of the two individuals were similar. The
principal fatty acid was 20:5(n-3). The two isomers of
the 20:1 and the 22:1 fatty acids occurred in similar
proportions (4–7%). In contrast to all other species,
enhanced levels of the 22:5(n-3) fatty acid were found
(Table 6). The other anemone (species indet.) was col-
lected on the Barents Sea shelf. This individual also
contained wax esters with the alcohol moieties 16:0,
22:1(n-11), 14:0 and 20:1(n-9) (in descending sequence).
Its fatty acid composition was slightly different from the
Greenland shelf species: the percentages of the long-
chain monounsaturated fatty acids, 20:1(n-9) and
22:1(n-11) (Table 6), especially, were much higher than
those of their corresponding alcohol isomers.
The fatty acid compositions of the polychaete On-
uphis conchylega showed similarities to that of the
brittle stars. This is most obvious for the low ratio be-
tween the two 18:1 fatty acid isomers, the high pro-
portion of the 20:5(n-3) and the small amounts of the
22:6(n-3) fatty acids (Table 6).
Discussion
The lipid and fatty acid/alcohol compositions of the
investigated Arctic benthic organisms varied, not only
among the different taxa, but also within the same
species. Generally the reliance on lipid reserves was low.
A few specimens with higher levels of depot lipids were
found, but none reached levels of the lipid-rich Arctic
zooplankton, such as the herbivorous copepods (Lee
1974, 1975; Conover and Huntley 1991; Kattner and
Hagen 1995).
The fatty acid compositions of all analysed benthic
animals were characterised by polyunsaturated fatty
acids, mainly 20:5(n-3) but also 22:6(n-3) and the sat-
urate 16:0. These three fatty acids are typical of marine
organisms and they generally predominate the
phospholipids (Sargent and Henderson 1986; Tande
and Henderson 1988; Albers et al. in press), which are
important membrane components. The dominance of
membrane fatty acids also indicates the low dependence
Table 5 Fatty acid composition (mass %) of brittle stars (Ophiopholis aculeata, Ophiopleura borealis, Ophiacantha bidentata, Ophiura
sarsi) and a feather star (Heliometra glacialis)
Species Ophiopholis aculeata Ophiopleura borealis Ophiacantha bidentata Ophiura sarsi Heliometra glacialis
Region Spitsbergen Spitsbergen NE Greenland Spitsbergen Spitsbergen NE Greenland
Station 161 161 84 158 160 86 101 228
Fatty acids
14 : 0 9.3 13.7 7.2 6.6 7.2 11.4 2.3 1.7
16 : 0 7.6 10.0 8.2 10.7 9.5 11.5 9.9 10.3
16 : 1 (n-7) 4.5 5.7 7.3 12.7 10.1 5.8 8.4 10.2
18 : 0 7.6 9.1 4.7 6.3 7.6 6.7 4.7 6.1
18 : 1 (n-9) 0.7 1.2 7.2 5.2 1.1 6.5 6.4 4.2
18 : 1 (n-7) 6.5 8.8 6.3 9.2 11.1 4.5 4.1 2.8
18 : 2 (n-6) 1.6 2.4 0.5 0.7 1.3 1.2 0.5 0.5
18 : 3 (n-3) 1.2 1.3 – 0.3 0.6 1.1 0.3 –
18 : 4 (n-3) 24.4 3.7 0.6 0.3 4.5 2.8 1.0 1.2
20 : 1 (n-9) 5.1 – 22.3 2.2 2.2 1.8 5.4 0.7
20 : 1 (n-7) 2.0 2.4 1.3 2.2 2.6 0.9 3.2 1.5
20 : 4 (n-6) 1.2 1.5 – 3.3 4.8 – 3.6 5.2
20 : 5 (n-3) 22.1 30.5 15.6 27.4 32.8 23.7 27.3 37.7
22 : 1 (n-11) 1.4 0.3 6.6 4.0 1.5 9.7 3.8 5.0
22 : 1 (n-9) 0.2 0.3 6.5 4.0 0.5 1.4 6.9 0.9
22 : 5 (n-3) – – 0.3 0.3 – 1.0 2.0 1.3
22 : 6 (n-3) 2.7 5.3 4.9 4.5 2.0 8.5 9.0 9.5
Ratio
18 : 1 (n-9) / (n-7) 0.11 0.14 1.14 0.57 0.10 1.44 1.56 1.50
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on lipid reserves. In spite of this general uniformity, the
occurrence and proportions of some fatty acids seem to
be characteristic of individual taxa, but may be widely
influenced by the diet as well.
The decapod specimens studied were characterised
by a relatively uniform distribution of the (n-9) and
(n-7) isomers of the 18:1 fatty acid. Usually, enhanced
levels of the (n-7) isomer reflect herbivorous feeding
(Sargent and Falk-Petersen 1981). The decapods,
however, are known to be macrophagous predators,
feeding on small organisms occurring on the seafloor or
in the bottom-near water column (Feder and Jewett
1981). For an interpretation of their fatty acid compo-
sition, one has to consider that the decapods were col-
lected on the Greenland shelf in the Northeast Water
Polynya. In large parts of this area, the phytoplankton
stock is dominated by diatoms throughout the pro-
ductive season (Lara et al. 1994; Smith et al. 1995). The
fatty acid compositions of diatoms are dominated by
16:1(n-7), as well as 20:5(n-3) fatty acids (e.g. Kates and
Volcani 1966; Ackman et al. 1968; Graeve et al. 1994).
Copepods from this region are also very rich in these
fatty acids (Kattner et al. 1989; Graeve et al. 1994). The
16:1(n-7) fatty acid is the precursor of 18:1(n-7), syn-
thesised by subsequent chain elongation (Sargent and
Henderson 1986). Thus, the enhanced levels of 18:1(n-7)
fatty acid in decapods suggest that it was of dietary
origin rather than a species-specific marker fatty acid.
This conclusion is also supported by the comparison
with the fatty acid composition of Pandalus borealis
from the north Norwegian Balsfjorden (Hopkins et al.
1993), in which only low levels of 18:1(n-7) were found.
While the chain elongation of the 16:1(n-7) to 18:1(n-7)
fatty acids seems to be an important process in the lipid
biosynthesis of decapods, the production of eggs is
obviously more directly fuelled by the incorporation of
the 16:1(n-7) without further elongation. The enhanced
levels of this dietary fatty acid suggest a dependence of
egg production on sufficient food resources. Our finding
points to an intense pelagic-benthic coupling in the
Northeast Water Polynya and therefore supports the
same conclusion made by Ambrose and Renaud (1995)
based on correlations between benthic biomass and
water column properties, as well as that made by
Hobson et al. (1995) based on stable isotope analyses.
Brittle stars are generally known to be very oppor-
tunistic in their feeding mode and food source (Warner
1982). The lipids of the specimens investigated were
clearly different from most other species because of the
low ratio between the (n-9) and (n-7) isomers of the 18:1
fatty acid. Species that are known to act at least tem-
porarily as suspension feeders, such as Ophiopholis
aculeata and Ophiacantha bidentata (Warner 1982;
Pearson and Gage 1984), yielded very low ratios of the
two 18:1 fatty acid isomers, indicating either that they
contain endosymbiotic sub-cuticular bacteria (McKen-
zie and Kelly 1994) or that they fed on fresh diatomous
material from the water column before they were
caught. The latter conclusion seems to be more proba-
ble since it is supported by evidence of the intense pe-
lagic-benthic coupling in the area studied, as already
discussed for the decapods. Similar to the decapods, the
brittle stars also seem to elongate the diatom fatty acid
16:1(n-7) to 18:1(n-7). Other species of ophiuroids
Table 6 Fatty acid composition (mass %) of a pantopod (Nymphon hirtipes), two actinarians (Anthosactis janmayeni, indetectable
species), and a polychaete (Onuphis conchylega)
Species Nymphon hirtipes Anthosactis janmayeni Actinaria indet. Onuphis conchylega
Region NE Greenland NE Greenland Barents Sea Spitsbergen
Station 228 228 222 222 150 161
Fatty acids
14 : 0 5.4 1.3 1.6 0.9 0.5 2.4
16 : 0 12.0 15.0 9.6 8.4 7.1 18.0
16 : 1 (n-7) 41.7 7.9 7.3 6.5 6.6 6.1
18 : 0 0.6 4.2 3.5 3.4 3.1 7.5
18 : 1 (n-9) 5.5 4.3 5.1 6.7 10.2 2.6
18 : 1 (n-7) 3.3 7.4 5.1 4.2 3.7 10.8
18 : 2 (n-6) 1.1 – 0.6 0.6 0.9 1.2
18 : 3 (n-3) – – – 0.4 0.7 0.5
18 : 4 (n-3) 1.1 – – 0.7 0.6 0.7
20 : 1 (n-9) 3.7 3.0 7.1 4.6 8.1 1.9
20 : 1 (n-7) 0.7 1.1 5.1 6.6 1.4 1.1
20 : 4 (n-6) 0.7 7.1 3.4 3.2 1.0 5.8
20 : 5 (n-3) 15.6 32.3 19.9 25.3 15.1 35.3
22 : 1 (n-11) 2.4 0.9 7.3 3.8 11.6 1.1
22 : 1 (n-9) 0.4 – 7.2 7.0 3.1 0.3
22 : 5 (n-3) – 4.1 7.4 8.7 8.7 –
22 : 6 (n-3) 4.3 11.2 10.5 8.5 15.6 4.3
Ratio
18 : 1 (n-9) / (n-7) 1.67 0.58 1.00 1.60 2.76 0.24
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(Ophiopleura borealis, Ophiura sarsi) were characterised
by clearly higher ratios, pointing to a different trophic
level and feeding behaviour. According to the, admit-
tedly rather small, knowledge of their nutrition,
ophiuroids exploit a very broad range of benthic food
sources as predators, scavengers and surface deposit
feeders (Warner 1982; H.M. Feder and S.C. Jewett
personal communication). The relatively highest
18:1(n-9) to (n-7) ratio was found in Ophiura sarsi, a
species that is reported to prefer predatory feeding
(Warner 1982). The onuphoid Onuphis conchylega
yielded a very low 18:1(n-9) to (n-7) ratio, similar to
those of the suspension-feeding brittle stars. Onuphid
polychaetes have been described as feeding primarily as
predators or scavengers (Hartmann-Schro¨der 1971) but
seem also capable of utilising a plankton-feeding mode
(Fauchald and Jumars 1979). Onuphis conchylega was
caught on the same shallow Spitsbergen shelf station
(50 m) as the brittle stars. Thus, the fatty acids of the
available food sources again dominated the fatty acid
composition of the species, masking potential taxon-
specific patterns and emphasising the intensity of the
pelagic-benthic coupling in this area.
The unusual ratio of the two 18:1 isomers may be
further influenced by the varying food supply. This is
especially the case for Ophiopholis aculeata from the
shallow Spitsbergen Shelf station where one individual
was very rich in 18:4(n-3), while another individual had
only small amounts of this fatty acid. The 18:4(n-3)
fatty acid is typical for summer phytoplankton popu-
lations, such as flagellates (Harrington et al. 1970), and
strongly indicates a non-diatom input (Graeve et al.
1994). This fatty acid was also found to be strongly
enriched in calanoid copepods from this area (Kattner
et al. 1989; Graeve et al. 1994; Kattner and Hagen
1995). This difference suggests a different nutrition of
the two individuals within a very small area.
The isopod Arcturus baffini and the pantopod
Nymphon hirtipes are other prime examples of the di-
etary influence on the fatty acid composition. The iso-
pod belongs to a family of highly specialised, semi-
sessile suspension feeders (Wa¨gele 1987), whereas the
pantopod is known to feed on sessile small-sized prey
such as hydrozoans, alcyonarians, bryozoans etc. (Ar-
naud and Bamber 1987). Both specimens from the
northeast Greenland shelf had extremely high levels of
the 16:1(n-7) fatty acid, in contrast to moderate
amounts in the individual from the Spitsbergen shelf.
The enhanced level of the 16:1(n-7) fatty acid in most of
the benthic organisms from the northeast Greenland
shelf indicates that dietary fatty acids are important
components in benthic animals. To what extent typical
fatty acids are incorporated unmodified by benthic or-
ganisms is, of course, also dependant on the water
depth in which they occur, since the lipid compositions
of phytoplankton and detritus can be altered consider-
ably during sedimentation due to catabolic processes
(Peake et al. 1974; Wakeham et al. 1980; Kawamura &
Ishiwatari 1981; Santos et al. 1994; Yunker et al. 1995).
However, large diatom cells are known for their fast
sedimentation to the seafloor, thus offering a nutritious
diet to the benthic community (Yunker et al. 1995).
Since phytoplankton marker fatty acids can be ingested
by benthic specimens directly via phytoplankton and
particles, as well as indirectly via zooplankton, the
definite origin is uncertain. However, if for example, the
16:1(n-7) fatty acid originates from zooplankton, the
wax ester typical fatty acids and alcohols have to be
catabolised since neither intact wax esters nor their
moieties were found in these species.
From the occurrence of specific lipid classes, such as
wax esters, one can also conclude about diet and feed-
ing behaviour. Wax esters can be synthesised by the
benthic specimens themselves or originate from the diet.
The first alternative cannot be excluded but the rela-
tively low levels of wax esters suggest a dietary input.
One important source of wax esters for benthic organ-
isms are wax ester-rich copepods. Large herbivorous
calanoid copepods especially accumulate high amounts
of wax esters that are composed of fatty acids and al-
cohols not found in phytoplankton and other particu-
late matter, i.e. the long-chain monounsaturates
20:1(n-9) and 22:1(n-11) (Lee 1975; Sargent and Hen-
derson 1986; Tande and Henderson 1988; Kattner et al.
1989). The alcohol moieties of the wax esters of om-
nivorous and carnivorous species are dominated by 14:0
and 16:0 alcohols (Falk-Petersen et al. 1987; Albers et
al. in press). Among the benthos, wax esters were only
found in three species, particularly in two actinarian
species and, albeit only in trace amounts, in Heliometra
glacialis. Their wax esters contained alcohols that occur
in herbivorous, as well as in other, copepods. This
finding can be explained by the feeding behaviour
known for Anthosactis janmayeni. This is a sessile car-
nivore capturing small swimming animals with cnido-
cyte-laden tentacles (Brusca and Brusca 1990). The wax
ester levels in H. glacialis were present in too small
amounts to be indicative of its feeding mode.
The occurrence of fatty acids typical for animals rich
in wax esters also provided some clues on the preferred
food. The benthic species do not apparently synthesise
wax esters, although in some species high amounts of
the wax ester typical fatty acids, 20:1(n-9) and
22:1(n-11), were detected corresponding to the fatty
alcohol moieties with the same structure. These fatty
acids were found in considerable amounts in the
amphipod Anonyx nugax and the unidentified anemone
from the Barents Sea, which suggests that they had
probably fed on copepods. Anonyx nugax is known as
one of the most common scavengers in Arctic waters.
However, it has also been reported to be a predatory
species (Weslawski 1991) and this is corroborated by
our results. Wax ester fatty acids were also detected in
two brittle stars, Ophiura sarsi and Ophiopleura borealis,
but in much lower amounts. This reflects a feeding be-
haviour that it is different from that of Anonyx nugax.
The brittle stars are known to be very opportunistic,
utilising a wide range of food sources. The incorpora-
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tion of wax ester typical fatty acids might be caused by
ingestion of copepods.
In conclusion, lipid analyses were shown to be useful
for deducing the principal food sources of benthic
species. The ratio of 18:1(n-9) to 18:1(n-7) especially
reflects different feeding behaviours and, partially, the
trophic levels. Clearly increasing ratios were found
along a gradient from suspension feeders, exploiting
freshly sedimented material, via predatory decapods to
the scavenging amphipods. The incorporation of di-
etary fatty acids limits the use of fatty acids as taxon-
specific markers. However, lipid determinations seem to
be a promising tool to elucidate the adaptations to the
seasonally pulsed food supply in polar regions. To
further clarify the role and origin of the fatty acids with
special regard to the diet, feeding experiments should be
performed.
Acknowledgements We are grateful to W. Hagen for his con-
structive comments. We thank the captain and crew of RV ‘‘Po-
larstern’’ for their professional support. The work of D.
Piepenburg was supported by the BMBF (grant no 03F0568A to
G. Hempel, Kiel). This is contribution No 1158 of the Alfred
Wegener Institute for Polar and Marine Research.
References
Ackman RG, Eaton CA (1967) Fatty acid composition of the
decapod shrimp, Pandalus borealis, in relation to that of the
euphausid, Meganyctiphanes norvegica. J Fish Res Board Can
24:467–471
Ackman RG, Tocher CS, McLachlan J (1968) Marine phyto-
plankter fatty acids. J Fish Res Board Can 25:1603–1620
Albers CS, Kattner G, Hagen W (in press) The compositions of
wax esters, triacylglycerols and phospholipids in Arctic and
Antarctic copepods: evidence of energetic adaptations. Mar
Chem
Ambrose WG, Renaud PE (1995) Benthic response to water col-
umn productivity patterns: evidence for benthic-pelagic cou-
pling in the Northeast Water Polynya. J Geophys Res
100:4411–4421
Arnaud F, Bamber RN (1987) The biology of Pycnogonida. In:
Blaxter JHS, Southward AJ (eds) Adv Mar Biol 24:1–96
Brusca RC, Brusca GJ (1990) Invertebrates. Sinauer, Sunderland
Clarke A, Peck LS (1991) The physiology of polar marine zoo-
plankton. Polar Res 10:355–369
Conover RJ, Huntley ME (1991) Copepods in ice-covered seas –
distribution, adaptations to seasonally limited food, metabo-
lism, growth patterns and life strategies in polar seas. J Mar
Systems 2:1–40
Dorrien CF von (1993) O¨kologie und Respiration ausgewa¨hlter
arktischer Bodenfischarten. Ber Polarforsch 125:1–99
Falk-Petersen S, Sargent JR, Tande K (1987) Lipid composition of
zooplankton in relation to the sub-Arctic food web. Polar Biol
8:115–120
Fauchald K, Jumars PA (1979) The diet of worms: a study of
polychaete feeding guilds. Oceanogr Mar Biol Annu Rev
17:193–284
Feder HM, Jewett SC (1981) Feeding interaction in the eastern
Bering Sea with emphasis on the benthos. In: Hood DW,
Calder J (eds) The eastern Bering Sea shelf: oceanography and
resources, vol II. University of Washington Press, Seattle, pp
1229–1261
Folch J, Lees M, Sloane-Stanley GH (1957) A simple method for
the isolation and purification of total lipides from animal tis-
sues. J Biol Chem 226:497–509
Fraser AJ, Tocher DR, Sargent JR (1985) Thin-layer chroma-
tography-flame ionization detection and quantification of
marine neutral lipids and phospholipids. J Exp Mar Biol Ecol
88:91–100
Graeve M (1993) Umsatz und Verteilung von Lipiden in ark-
tischen marinen Organismen unter besonderer Beru¨cksichti-
gung unterer trophischer Stufen. Ber Polarforsch 124:1–140
Graeve M, Hagen W, Kattner G (1994) Diet-induced changes in
the fatty acid composition of Arctic herbivorous copepods:
experimental evidence of trophic markers. J Exp Mar Biol Ecol
182:97–110
Hagen W (1988) Zur Bedeutung der Lipide im antarktischen
Zooplankton. Ber Polarforsch 49:1–129
Harrington GW, Beach DH, Dunham JE, Holz GG (1970) The
polyunsaturated fatty acids of dinoflagellates. J Protozool
17:213–219
Hartmann-Schro¨der G (1971) Tierwelt Deutschlands, Band 58:
Annelida, Borsternwu¨rmer, Polychaeta. Gustav Fischer Ver-
lag, Jena
Hobson KA, Ambrose WG, Renaud PE (1995) Sources of pri-
mary production, benthic-pelagic coupling, and trophic rela-
tionships within the Northeast Water Polynya: insights from
d13-C and d15-N analysis. Mar Ecol Prog Ser 128:1–10
Hopkins CCE, Sargent JR, Nilssen EM (1993) Total lipid content,
and lipid and fatty acid composition of the deep-water prawn
Pandalus borealis from Balsfjord, northern Norway: growth
and feeding relationships. Mar Ecol Prog Ser 96:217–228
Kates K, Volcani BE (1966) Lipid components of diatoms. Bio-
chim Biophys Acta 116:264–278
Kattner G, Fricke HSG (1986) Simple gas-liquid chromatographic
method for the simultaneous determination of fatty acids and
alcohols in wax esters of marine organisms. J Chromatogr
361:263–268
Kattner G, Hagen W (1995) Polar herbivorous copepods – dif-
ferent pathways in lipid biosynthesis. ICES J Mar Sci 52:329–
335
Kattner G, Hirche H-J, Krause M (1989) Spatial variability in
lipid composition of calanoid copepods from Fram Strait, the
Arctic. Mar Biol 102:473–480
Kawamura K, Ishiwatari R (1981) Polyunsaturated fatty acids in a
lacustrine sediment as a possible indicator of paleoclimate.
Geochim Cosmochim Acta 45:149–155
Kendall MA (1996) Are Arctic soft-sediment macrobenthic com-
munities impoverished? Polar Biol 16:393–399
Kharlamenko VI, Zhukova NV, Khotimchenko SV, Svetashev VI,
Kamenvev GM (1995) Fatty acids as markers of food sources
in a shallow water hydrothermal ecosystem (Kraternaya Bight,
Yankich Island, Kurile Islands) Mar Ecol Prog Ser 120:231–
241
Lara RJ, Kattner G, Tillmann U, Hirche H-J (1994) The North
East Water polynya (Greenland Sea). II. Mechanisms of nu-
trient supply and influence on phytoplankton distribution.
Polar Biol 14:483–490
Lee RF (1974) Lipid composition of the copepod Calanus hyper-
boreus from the Arctic ocean. Changes with depth and seasons.
Mar Biol 26:313–318
Lee RF (1975) Lipids of Arctic zooplankton. Comp Biochem
Physiol 51B:263–266
McKenzie JD, Kelly MS (1994) Comparative study of subcutic-
ular bacteria in brittle stars (Echinodermata: Ophiuroidea).
Mar Biol 120:654–680
Peake E, Casagrande DJ, Hodgson GW (1974) Fatty acids,
chlorins, hydrocarbons, sterols, and carotenoids from a Black
Sea core. In: Degens ET, Ross DA (eds) The Black Sea –
geology, chemistry and biology. Tulsa, Oklahoma, pp 505–523
Pearson M, Gage JD (1984) Diets of some deep-sea brittle stars in
the Rockall Trough. Mar Biol 82:247–258
Piepenburg D, Schmid MK (1996a) Brittle star fauna (Echi-
nodermata: Ophiuroidea) of the Arctic northwestern Barents
60
Sea: composition, abundance, biomass and spatial distribu-
tion. Polar Biol 16:383–392
Piepenburg D, Schmid MK (1996b) Distribution, abundance,
biomass and mineralization potential of the epibenthic mega-
fauna of the North-East Greenland shelf. Mar Biol 125:321–
332
Piepenburg D, Chernova NV, Dorrien CF von, Gutt J, Neyelov
AV, Rachor E, Saldanha L, Schmid MK (1996) Megabenthic
communities in the waters around Svalbard. Polar Biol 16:431–
446
Santos V, Billett DSM, Rice Al, Wolff GA (1994) Organic matter
in deep-sea sediments from Porcupine Abyssal Plain in the
north-east Atlantic Ocean. I.Lipids. Deep Sea Res 41:787–819
Sargent JR, Falk-Petersen S (1981) Ecological investigations on
the zooplankton community of Balsfjorden, northern Norway:
lipids and fatty acids in Meganyctiphanes norvegica, Thy-
sanoessa rascheii and T. inermis during midwinter. Mar Biol
62:131–137
Sargent JR, Henderson RJ (1986) Lipids. In: Corner EDS,
O¢ Hara S (eds) Biological chemistry of marine copepods.
University Press, Oxford, pp 59–108
Sargent JR, Falk-Petersen I-B, Calder AG (1983) Fatty acid
compositions of neutral glycerides from the ovaries of the as-
teroids Ctenodiscus crispatus, Asterias lincki and Pteraster mi-
litaris from Balsfjorden, northern Norway. Mar Biol 72:257–
264
Schmid MK (1994) Zur Verbreitung und Respiration o¨kologisch
wichtiger Bodentiere in den Gewa¨ssern um Svalbard (Arktis).
PhD Thesis, Kiel University
Smith WO Jr, Walsh ID, Booth BC, Deming JW (1995) Particu-
late matter and phytoplankton and bacterial biomass
distribution in the Northeast Water Polynya during summer
1992. J Geophys Res 100:4341–4356
Tande KS, Henderson RJ (1988) Lipid composition of copepodite
stages and adult females of Calanus glacialis in Arctic waters of
the Barents Sea. Polar Biol 8:333–339
Wa¨gele JW (1987) The feeding mechanism of Antarcturus and a
redescription of A. spinacoronatus Schultz, 1978 (Crust-
acea:Isopoda: Valvifera). Philos Trans R Soc Lond B 316:429–
458
Wakeham SG, Schaffner C, Giger W (1980) Polycyclic aromatic
hydrocarbons in recent lake sediments II. Compounds derived
from biogenic precursors during early diagenesis. Geochim
Cosmochim Acta 44:415–429
Warner G (1982) Food and feeding mechanisms: Ophiuroidea. In:
Jangoux M, Lawrence JM (eds) Echinoderm nutrition. Balk-
ema, Rotterdam, pp 161–181
Weslawski JM (1991) Distribution and ecology of South Spits-
bergen coastal marine Amphipoda (Crustacea). Pol Arch Hy-
drobiol 37:503–519
Yunker MB, Macdonald RW, Veltkamp DJ, Cretney WJ (1995)
Terrestrial and marine biomarkers in a seasonally ice-covered
Arctic estuary – integration of multivariate and biomarker
approaches. Mar Chem 49:1–50
61
